METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a method of manufacturing a semiconductor device 

having circuits formed by thin film transistors (hereafter referred to as TFTs). For example, 
the present invention relates to electro-optical devices, typically liquid crystal display devices, 
and to electronic equipment in which electro-optical devices are installed as parts. Further, 
the present invention relates to a method of manufacturing such devices. Note that the term 
10 semiconductor device in this specification indicates a category of general devices capable of 
functioning by utilizing semiconductor characteristics, and the above-mentioned electro-optical 
devices and electronic equipment are also included in the category of semiconductor devices. 

2. Description of the Related Art 

Research is widespread into techniques of forming crystalline semiconductor films, 
15 and increasing crystallinity, by performing heat treatment, laser annealing, or both heat 
treatment and laser annealing on an amorphous semiconductor film, formed on an insulating 
substrate such as glass. Silicon films are often used for the semiconductor films. Note that 
the term crystalline semiconductor film in this specification refers to a category of 
semiconductor films in which crystallized regions exist, and that semiconductor films that are 
20 crystallized over their entire surface area are also included in the category of crystalline 
semiconductor films. 

The crystalline semiconductor films have an extremely high mobility in comparison 
with amorphous semiconductor films. Monolithic liquid crystal electro-optical devices 
(semiconductor devices in which thin film transistors (TFTs) used for a pixel portion and driver 
25 circuits are manufactured on one substrate) can be therefore produced if crystalline 
semiconductor films are utilized, but cannot be realized, for example, by semiconductor 
devices manufactured by using conventional amorphous semiconductor films. 

However, it is impossible to control crystal orientation, so that its arrangement has an 
arbitrary direction, in crystalline semiconductor films formed by using heat treatment or laser 
30 annealing (a technique of crystallizing a semiconductor film by the irradiation of laser light) to 
crystallize an amorphous semiconductor film deposited by plasma CVD or LPCVD. This 
becomes a source of limitations in the electrical characteristics of the TFTs. 

EBSP (electron backscatter diffraction patterning) exists as a method of analyzing 
crystal orientation of the surface of a crystalline semiconductor film. The EBSP method can 
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show the crystal orientation directed toward the surface for crystal grains at measurement 
points in different colors and, can distinctly display focusing upon a certain measurement point, 
regions within a crystal orientation deviation angle range (permissible deviation angle), set by 
a user making the measurements, in neighboring points. It is possible for the user to freely set 
5 the permissible deviation angle, but the permissible deviation angle is set to 15 2 in this 
specification. Regions having a crystal orientation within a range that is equal to or less than 
15 2 between the point focused upon and its neighboring points are referred to as grains. The 
reason why the permissible deviation angle is set to 15 2 is because the set value in general is 
15 2 . Grains are formed from a plurality of crystal grains, but can be seen macroscopically as 
= 10 one crystal grain because the permissible angle for crystal orientation is small. 

Further, a method recorded in Japanese Patent Application Laid-open No. Hei 
7-183540 can be given as one method of crystallizing an amorphous semiconductor film. A 
simple explanation is presented here. First, a very small amount of a metal element such as 
P nickel, palladium, or lead is added to an amorphous semiconductor film. Methods such as 
jjjj 15 plasma processing, evaporation, ion injection, sputtering, and solution application can be 
h utilized as the addition method. After the addition, the amorphous semiconductor film is then 
W exposed, for example, to a nitrogen atmosphere at a temperature of 550 2 C for 4 hours, forming 
f a crystalline semiconductor film. Not only can the electric field effect mobility be increased 
O if a TFT is formed by using such the crystalline semiconductor film, but it is also possible to 
p 20 make the sub-threshold factor (S value) smaller, and to greatly increase the electrical 
2! characteristics. The optimal heat treatment temperature and heat treatment time for 
f(i crystallization is dependent upon the amount of the metal element added and the state of the 
amorphous semiconductor film. Further, it has been verified that it is possible to increase the 
crystal orientation property in a monotonic manner by using this method of crystallization. 
25 TFTs have been made smaller in order to provide higher integration and higher speed 

for present-day LSIs, and TFT size has broken through the 1 fim level. In the case where 
TFTs of this type are manufactured using crystalline semiconductor films formed by 
conventional methods of crystallization, if the crystalline semiconductor are patterned for 
element separation to be separated, then dispersion will develop in active regions of individual 
30 devices in that many grain boundaries will exist in some elements and other elements will be 
formed by almost only grains. Further, if semiconductor films are crystallized using a metal 
element to promote crystallization, then crystal grains formed having the metal elements as 
crystal nuclei are mixed with crystal grains formed by spontaneous nucleation (cases in which 
nucleation begins at a site other than a metal element are defined as spontaneous crystallization 



within this specification). Dispersion in the semiconductor film properties thus develops. 
Note that spontaneous nucleation is known to develop at a high temperature greater than or 
equal to 600 e C, and when the required crystallization time is long. This dispersion is a cause 
of dispersion in electrical characteristics and a factor in display irregularities if the crystalline 
5 semiconductor films are used as display portions of electronic equipment. 

A method of suppressing the grain dispersion in the active regions of individual 
devices by making the grains smaller is considered here. The crystal nucleus generation 
density may be increased for this method. Namely, the surface energy of the semiconductor 
film is reduced, and the critical nucleus radius is reduced by increasing the chemical potential 

10 of the semiconductor film. A method of adding to the semiconductor film a large amount of a 
metal element for promoting crystallization, thus changing the surface energy and the chemical 
potential of the semiconductor film, is one method of suppressing the grain dispersion. A 
large number of crystal nuclei are generated by the metal elements if this method is used, and 
the grains can be made smaller. However, there is a problem with the aforementioned method 

15 in that an excessive amount of the metal element remains as a metal compound within high 
resistance regions (channel forming regions and offset regions). The metal compound allows 
electric current to flow more easily, reducing the resistance of regions that must be high 
resistance regions. This becomes a problem that can harm the stability of the TFT electrical 
characteristics as well as the reliability. 

20 

SUMMARY OF THE INVENTION 
The present invention is a technology for solving problems like those stated above. 
The present invention is a technique for averaging the number of grains within active regions 
of individual devices by making the crystalline semiconductor film grains obtained using a 
25 metal element smaller without increasing the amount of the metal element used. An object of 
the present invention is to achieve an increase in the operational characteristics of a 
semiconductor device, and an increase in its reliability, with respect to the semiconductor 
device and an electro-optical device, typically an active matrix liquid crystal display device, 
using TFTs. 

30 The present invention is characterized in that thermal crystallization of a 

semiconductor film utilizing a metal element is performed after exposing the semiconductor 
film to a plasma atmosphere. As already discussed, the density of crystal nuclei can be 
increased, if the critical nucleus radius is made smaller and the surface energy and the chemical 
potential of the semiconductor film are changed by some type of method. In the present 
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invention, the chemical potential of the semiconductor film is increased, and the density of 
crystal nuclei generated by the metal element is increased, by performing exposure of the 
semiconductor film to an atmosphere that has been made into a plasma. If the density of 
crystal nuclei generated is increased, the amount of time required for crystallization is 
5 shortened, and it becomes possible to suppress spontaneous nucleation. The crystalline 
semiconductor film are embedded into crystal grains that grow with the metal elements as 
crystal nuclei, and it becomes possible to reduce the grain size with crystalline semiconductor 
films thus formed. Heat treatment may also be performed after exposing the semiconductor i; 
film, to which the metal element has been added, to the plasma atmosphere. 
10 In addition, laser annealing may be performed to improve the crystallinity after 

exposing the semiconductor film to the atmosphere in which a gas is turned into a plasma and 
performing thermal crystallization using the metal element, or after exposing the crystalline 
semiconductor film added with metal element to the plasma atmosphere. It is possible to 
perform sufficient laser annealing without laser annealing becoming a cause of surface 
15 roughness, even if the semiconductor film is exposed to the plasma atmosphere before laser 
annealing is performed. 

- According to a structure of the present invention, there is provided a method of 
manufacturing a semiconductor device comprising the steps of : 

exposing a semiconductor film to a plasma of a gas selected from the group 
20 consisting of an inert gas, nitrogen, and ammonia; 

providing the semiconductor film with a metal containing material; and 

crystallizing the semiconductor film by heating after providing the metal containing 

material. 

Films such as amorphous semiconductor films and microcrystalline semiconductor 
25 films exist as the semiconductor film in each of the aforementioned structures, and chemical 
compound semiconductor films having an amorphous structure, such as amorphous silicon 
films and amorphous silicon germanium films may be applied. 

Further, a plasma generation apparatus can be used in order to expose the 
semiconductor film to the gas plasma atmosphere for the above structures. It is preferable to 
30 use a plasma CVD apparatus or a dry etcmng apparatus as the plasma generation apparatus. 

Further, the atmosphere may be an atmosphere having as its main constituent one or a 
plurality of elements selected from the group consisting of inert gas elements and nitrogen. It 
is possible to perform sufficient laser annealing even if laser annealing is performed after 
exposing the semiconductor film to the plasma atmosphere having such elements, for example, 
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without laser annealing becoming a cause of surface roughness. Further, these elements exert 
no influence on the semiconductor characteristics, even if they exist within the semiconductor 
film. The semiconductor film may also be exposed to an atmosphere in which ammonia has 
been made into a plasma. 
5 Further, in the above-mentioned manufacturing processes, the metal element is one 

element or a plurality of elements selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, 
Os, Ir, Pt, Cu, Ag, Au, Al, In, Sn, Pb, P, As, and Sb. 

Further, according to another structure of the present invention, there is provided a 
method of manufacturing a semiconductor device comprising the steps of: 
10 providing a metal containing material to a semiconductor film; 

exposing the semiconductor film to a plasma of a gas selected from the group 
consisting of an inert gas element, nitrogen, and ammonia, after providing the metal containing 
material; and 

crystallizing the semiconductor film by heating after exposing the semiconductor film. 
15 Films such as amorphous semiconductor films and microcrystalline semiconductor 

film s exist as the semiconductor .film in each of the aforementioned structures, and chemical 
compound semiconductor films having an amorphous structure, such as amorphous silicon 
films and amorphous silicon germanium films may be applied. 

Further, a plasma generation apparatus can be used in order to expose the 
20 semiconductor film to the gas plasma atmosphere for the above structures. It is preferable to 
use a plasma CVD apparatus or a dry etching apparatus as the plasma generation apparatus. 

Further, the atmosphere may be an atmosphere having as its main constituent one or a 
plurality of elements selected from the group consisting of inert gas elements and nitrogen. It 
is possible to perform sufficient laser annealing even if laser annealing is performed after 
25 exposing the semiconductor film to the plasma atmosphere having such elements, for example, 
without laser annealing becoming a cause of surface roughness. Further, these elements exert 
no influence on the semiconductor characteristics, even if they exist within the semiconductor 
film. The semiconductor film may also be exposed to an atmosphere in which ammonia has 
been made into a plasma. 
30 Further, in the above-mentioned manufacturing processes, the metal element is one 

element or a plurality of elements selected from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, 
Os, Ir, Pt, Cu, Ag, Au, Al, In, Sn, Pb, P, As, and Sb. 

The density of crystal nuclei generated by the metal elements can be increased, and 
dispersion in the semiconductor film properties can be reduced by applying the present 
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invention as described above, and therefore semiconductor device performance can be greatly 
increased. For example, the number of grain boundaries contained in channel forming 
regions of TFTs can be made uniform. It therefore becomes possible to reduce dispersion in 
the on current value (the value of the drain current flowing when the TFT is in an on state), the 
5 off current value (the value of the drain current flowing when the TFT is in an off state), the 
threshold value voltage, the S value, and the electric field effect mobility. Further, 
crystallization becomes possible in a short amount of time, and therefore the amount of 
processing time can be shortened, and cost reductions can be achieved. 

In addition, it becomes possible to make the number of grains in the active regions of 
10 individual devices uniform by making the grains smaller. It also becomes possible to reduce 
dispersion in the electrical characteristics, and reduce display irregularities when using the 
TFTs as display portions in all types of semiconductor devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 In the accompanying drawings: 

Figs. 1A to ID are diagrams showing an example of a structure disclosed by the 
present invention; 

Fig. 2 is a diagram showing the results of measuring x-ray reflectivity in order to 
verify the effectiveness of the present invention; 
20 Figs. 3A to 3D are diagrams showing an example of a structure disclosed by the 

present invention; 

Figs. 4A to 4D are diagrams showing an example of a structure disclosed by the 
present invention; 

Figs. 5A to 5D are cross sectional diagrams showing a method of manufacturing pixel 
25 TFTs and driver circuit TFTs; 

Figs. 6A to 6D are cross sectional diagrams showing the method of manufacturing 
pixel TFTs and driver circuit TFTs; 

Figs. 7A to 7C are cross sectional diagrams showing the method of manufacturing 
pixel TFTs and driver circuit TFTs; 
30 Figs. 8A to 8C are cross sectional diagrams showing the method of manufacturing 

pixel TFTs and driver circuit TFTs; 

Fig. 9 is an upper surface diagram showing the structure of a pixel TFT; 
Figs. 10A and 10B are cross sectional diagrams showing a method of manufacturing 
pixel TFTs and driver circuit TFTs; 



Fig. 11 is a cross sectional diagram showing a method of manufacturing an active 
matrix liquid crystal display device; 

Fig. 12 is a cross sectional structure diagram of driver circuits and a pixel portion of a 
light emitting device; 
5 Fig. 13A is an upper surface diagram of a light emitting device; 

Fig. 13B is a cross sectional structure diagram of driver circuits and a pixel portion of 
the light emitting device; 

Figs. 14A to 14F are diagrams showing examples of semiconductor devices; 

Figs. 15A to 15D are diagrams showing examples of semiconductor devices; 
10 Figs. 16A to 16C are diagrams showing examples of semiconductor devices; 

Figs. 17A and 17B are diagrams showing the results of surface examination by optical 
microscope in order to confirm the effectiveness of the present invention; and 

Figs 18A and 18B are schematic diagrams showing the results of surface examination 
by optical microscope in order to confirm the effectiveness of the present invention. 
15 Fig. 19A shows a probability statistical distribution diagram with respect to the S 

value and Fig. 19B shows a probability statistical distribution diagram with respect to the 
electric field effect mobility. ^ 

DF.TATT FT) DESCRIPTION OF THE PREFERRED EM BODIMENTS 
20 Embodiment mode 

An embodiment mode of the present invention is explained using the cross sectional 
diagrams of Figs. 1A to ID. 

A synthesized quartz glass substrate, and non-alkaline glass substrates such as barium 
borosilicate glass substrates and aluminum borosilicate glass substrates may be used for a 
25 substrate 10 in Fig. 1A. For example, Corning Corp. #7059 glass, #1737 glass, and the like 
can be applied preferably. Further, plastic substrates having heat resistant properties capable 
of withstanding the processing temperatures of this embodiment mode may also be used. 

A base insulating film 11 is formed by a known means (such as LPCVD or plasma 
CVD) on the substrate 10 from a film such as a silicon nitride film, a silicon oxynitride film, or 
30 a silicon oxide film. The base insulating film 11 need not be formed, of course. 

Next, a semiconductor film 12 is formed to a thickness of 10 to 200 nm (preferably 
between 30 and 100 nm) by a known means such as plasma CVD or sputtering. Amorphous 
semiconductor films, microcrystalline semiconductor films, and the like exist as the 
semiconductor films 12, and compound semiconductor films having an amorphous structure 
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such as amorphous silicon germanium films may also be applied as the semiconductor film 12. 

The semiconductor film 12 is then exposed to an atmosphere in which a gas, having as 
its main constituent one or a plurality of members selected from the group consisting of inert 
gas elements, nitrogen, and ammonia, is processed into a plasma. A plasma generation 
5 apparatus (such as a plasma CVD apparatus or a dry etching apparatus) is used in order to turn 
the gas having such elements into a plasma, and the exposure of the semiconductor film is 
performed for 30 seconds to 20 minutes (preferably from 3 to 5 minutes). In addition, it is 
preferable to perform processing while setting the gas flow rate to from 50 to 300 seem, the 
substrate temperature from 200 to 500 e C, and an RF power from 100 to 400 W. 
10 The semiconductor film 12 is crystallized next by a thermal annealing method using a 

metal element such as nickel. First, a layer containing a metal element for promoting 
crystallization (a metal containing layer 13) is formed. As the metal elements, one or a 
plurality of elements selected from the group consisting of Fe, Co, Ni. Ru, Rh, Pd, Os, Ir, Pt, 
III Cu Ag, Au, Al, In, Sn, Pb, P, As, and Sb, may be used. Methods such as plasma processing, 
% 15 evaporation, ion injection, sputtering, and solution application may be utilized as an addition 
f d ; method for the metal element. 

[Jj Exposure to the atmosphere in which the gas, having as its main constituent one or a 

® plurality of members selected from the group consisting of inert gas elements, nitrogen, and 
p ammonia, is processed into a plasma may of course also be performed after forming the metal 
\*\ 20 containing layer 13 on the semiconductor film 12. 

CjJ Heat treatment processing is then utilized, performing crystallization of the 

f 5 semiconductor film 12. The heat treatment process is performed by thermal annealing using 
an annealing furnace. Thermal annealing may be performed for 4 to 12 hours at a 
temperature of 400 to 700 2 C, typically between 500 and 550 S C, within a nitrogen atmosphere 
25 having an oxygen concentration equal to or less than 1 ppm, preferably equal to or less than 0.1 
ppm. Further, methods such as laser annealing and rapid thermal annealing (RTA) may be 
used as other heat treatment processes instead of thermal annealing. 

Crystallization of the semiconductor film can also be performed in combination with a 
known crystallization method other than thermal annealing using a metal element (such as laser 
30 crystallization). 

Grains in crystalline semiconductor films thus formed are small, and in particular are 
suitable for manufacturing sub-micron devices. Furthermore, dispersion in the electrical 
characteristics is reduced, and it is possible to suppress display irregularities when using the 
semiconductor films as display portions for all types of semiconductor devices. 



The present invention, structured as stated above, is explained in additional detail by 
the embodiments shown below. 



Embodiments 
5 Embodiment 1 

An embodiment of the present invention is explained using the cross sectional 
diagrams of Figs. 1A to ID. 

A synthesized quartz glass substrate, and non-alkaline glass substrates such as barium 
borosilicate glass substrates and aluminum borosilicate glass substrates may be used for a 
10 substrate 10 in Fig. 1A. For example, Corning Corp. #7059 glass, #1737 glass, and the like 
can be applied preferably. Further, plastic substrates having heat resistant properties capable 
of withstanding the processing temperatures of this embodiment may also be used. A 
y, synthesized quartz glass substrate is applied in Embodiment 1. 

Q A base insulating film 11 is formed by a known means (such as LPCVD or plasma 

i[| 15 CVD) on the substrate 10 from a film such as a silicon nitride film, a silicon oxynitride film, or 
a silicon oxide film. A 150 nm thick silicon oxynitride film (composition ratio: Si = 32%, O 
W = 27%, N = 24%, H = 17%) is formed as the base insulating film in Embodiment 1. 

Next, a semiconductor film 12 is formed to a thickness of 10 to 200 nm (preferably 
O between 30 and 100 nm) by a known means such as plasma CVD or sputtering. Amorphous 

UI ' - " • '• •..«.-. ' • ' :■ . 

O 20 semiconductor films, microcrystalline semiconductor films, and the like exist as the 
|-,f semiconductor films 12, and compound semiconductor films having an amorphous structure 

jfU such as amorphous silicon germanium films may also be applied as the semiconductor film 12. 

A 55 nm thick amorphous silicon film is formed using LPCVD in Embodiment 1. 

The semiconductor film 12 is then exposed to an atmosphere in which a gas, having as 
25 its main constituent one or a plurality of members selected from the group consisting of inert 
gas elements, nitrogen, and ammonia, is processed into a plasma. A plasma generation 
apparatus (such as a plasma CVD apparatus or a dry etching apparatus) is used in order to turn 
the gas having such elements into a plasma, and the exposure of the semiconductor film is 
performed for 30 seconds to 20 minutes (preferably from 3 to 5 minutes). In addition, it is 
30 preferable to perform processing while setting the gas flow rate to from 50 to 300 seem, the 
substrate temperature from 200 to 500 2 C, and an RF power from 100 to 400 W. Processing is 
performed in Embodiment 1 by a dry etching apparatus using Ar, with a gas flow rate of 100 
seem, an RF power of 200 W, and a substrate temperature set to 400 2 C. 

The semiconductor film 12 is crystallized next by thermal annealing using a metal 
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element such as nickel. First, a layer containing a metal element in order to promote 
crystallization (the metal containing layer 13) is formed. Metal elements such as nickel, 
palladium, and lead may be used as the metal element, and methods such as plasma processing, 
evaporation, ion injection, sputtering, and solution application may be applied as a method of 
5 adding the metal element. An aqueous nickel acetate solution (per weight concentration 5 
ppm, volume 10 ml) is applied to the surface of the amorphous silicon film by spin coating to 
form a metal containing layer in Embodiment 1. 

Heat treatment processing is then utilized, performing crystallization of the 
semiconductor film 12. The heat treatment process is performed by thermal annealing using 
10 an annealing furnace. Thermal annealing may be performed for 4 to 12 hours at a 
temperature of 400 to 70&C, typically between 500 and 550 Q C, within a nitrogen atmosphere 
having an oxygen concentration equal to or less than 1 ppm, preferably equal to or less than 0.1 
M ppm. Further, methods such as laser annealing and rapid thermal annealing (RTA) may be 
?1 used as other heat treatment processes instead of thermal annealing. Heat treatment (at 550^ ,u\ 
3 15 for 4 hours) is performed in Embodiment 1, forming a crystalline silicon film. 

Crystallization of the semiconductor film can also be performed in combination with a 
W known crystallization method other than thermal annealing using a metal element (such as laser 
«■ crystallization). . <s y,.:;- .,-.;V 

*fj - Grains in crystalline semiconductor films thus formed are small, and in particular are J 

6 20 suitable for manufacturing sub-micron devices. Furthermore, dispersion in the electrical 
Pi characteristics is reduced, and it is possible to suppress display irregularities when using the } 
semiconductor films as display portions for all types of semiconductor devices. 

Embodiment 2 

25 In order to verify the effectiveness of the present invention, an experiment was 

performed as discussed below using Ar from among elements capable of being used in making 
a plasma (such as inert gas elements and ammonia). _ 
A synthesized quartz glass substrate was used as the substrate 10 in Fig. 1A, and an ^ 
amorphous silicon film was formed to a film thickness of 65 run on the substrate by using an 

30 LPCVD apparatus. Test pieces of this type were then either exposed to an atmosphere in 
which Ar had been made into a plasma, or were not exposed thereto. The exposure 
conditions for the Ar plasma atmosphere are a gas flow rate of 100 seem, an RF power of 200 
W, and a substrate temperature of 400° C in a plasma CVD apparatus. 

An aqueous nickel acetate solution (per weight concentration 5 ppm, volume 10 ml) is 



next applied to the surface of the amorphous silicon film by spin coating, forming a metal 
containing layer, and heat treatment is performed (for 12 hours at 600°C), performing 
crystallization of the semiconductor film. 

X-ray reflectivity measurements were then performed on the test pieces thus 

5 manufactured, and the results are shown in Fig. 2. Under each of the test conditions, the 
intensity falls rapidly after initially maintaining a fixed value. The surface density of the 
amorphous silicon can be found by taking an angle 6 at this time as a critical angle. The 
results show that the semiconductor film density is 2.35 g/cm 3 if the semiconductor film is 
exposed to the Ar plasma atmosphere, and 2.24 g/cm 3 when not exposed. In other words, the 

10 surface density of the amorphous silicon increases if plasma processing is performed. 
Thereby, it can be seen that nucleation becomes easy and a crystal nucleus generation density 
increases. Therefore, the effectiveness of the present invention can be confirmed. 

Further, an oxide film is removed by immersing the test pieces for 30 seconds in a 
0.5% hydrofluoric acid solution. In addition, anisotropic etching is performed by immersing 

15 the test pieces in a KOH / IPA solution for 30 seconds. The anisotropic etching makes it 
possible to observe crystal orientation in the grains, as well as grain boundaries, by an optical 
microscope. The surfaces of the test pieces were observed here by using an optical 
microscope (bright field reflection mode, 200x magnification) after performing the anisotropic 
etching, and the results are shown in Figs. 17A and 17B. Fig. 17B is a photograph showing 

20 the results when Ar plasma exposure is performed, and Fig. 17A is a photograph showing the 
results when Ar plasma exposure is not performed. Further, Figs. 18A and 18B are schematic 
diagrams of Figs. 17A and 17B, respectively. It can be seen that the grain is smaller in Figs. 
17B and 18B compared to the grain size of Figs. 17A and 18A. The grain boundaries in Figs. 
17B and 18B are vague as compared with those of Figs. 17A and 18A, and it is thought that the 

25 reason for this is that the grain size is small, and that overlapping develops with the small 
grains. 

It can thus be verified that the grains of crystalline semiconductor films obtained using 
the present invention are small. The crystalline semiconductor films are particularly suited 
for the manufacture of sub-micron devices. Further, dispersion in the electrical characteristics 
30 is reduced, and this makes It possible to suppress display irregularities when the crystalline 
semiconductor films are used as display portions for all types of semiconductor devices. 

Embodiment 3 

An embodiment of the present invention is explained on results obtained by measuring 
11 



electrical characteristics of TFTs manufactured by using crystalline semiconductor films. One 
of the crystalline semiconductor film is crystallized before plasma processing is performed in 
accordance with Embodiment 2, and the other is crystallized without the plasma processing. 
Note that the TFTs are manufactured in the same maimer as Embodiment 6 except for step of 
5 crystallizing. 

Fig. 19A shows a probability statistical distribution diagram with respect to the S 
value and Fig. 19B shows a probability statistical distribution diagram with respect to the 
electric field effect mobility. N-channel TFTs with channel forming region lengths/widths 
50/50 H m are measured in Figs. 19A and 19B,. The axis of abscissas indicates the electrical 

10 characteristic and the axis of ordinates indicates the probability distribution in Figs. 19A and 
19B. The more the probability distribution is parallel with the axis of ordinates, the smaller 
the dispersion is. Figs.l9A and 19B show that the dispersion is smaller when Ar plasma is 
performed compared with when Ar plasma is not performed. 

As described the above, it is shown that the dispersion of the electrical characteristic is 

15 reduced in the case of manufacturing the TFTs by using the crystalline semiconductor film of 
the present invention. Further, dispersion in the electrical characteristics is reduced, and this 
makes it possible to suppress display irregularities when the crystalline semiconductor films 
are used as display portions for each type of semiconductor devices. 

20 Embodiment 4 

A method of manufacture differing from that of Embodiment 1 is explained in 
Embodiment 4 using the cross sectional diagrams of Figs. 3A to 3D. 

First, processing is performed in accordance with Embodiment 1 up through Fig. 1A. 
Note that the same reference symbols are used in Fig. 3A for portions that correspond to those 
25 of Fig. 1A. 

The semiconductor film 12 is crystallized next by thermal annealing using a metal 
element such as nickel. Firsts a layer containing a metal element in order to promote 
crystallization (the metal containing layer 13) is formed. Metal elements such as nickel, 
palladium, and lead may be used as the metal element, and methods such as plasma processing, 
30 evaporation, ion injection, sputtering, and solution application may be applied as a method of 
adding the metal element. Nickel is introduced by sputtering in Embodiment 4, forming the 
metal containing layer. 

The semiconductor film 12 is then exposed to an atmosphere in which a gas, having as 
its main constituent one or a plurality of members selected from the group consisting of inert 
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gas elements, nitrogen, and ammonia, is processed into a plasma. A plasma generation 
apparatus (such as a plasma CVD apparatus or a dry etching apparatus) is used in order to turn 
the gas having such elements into a plasma, and the exposure of the semiconductor film is 
performed for 30 seconds to 20 minutes (preferably from 3 to 5 minutes). In addition, it is 
5 preferable to perform processing while setting the gas flow rate to from 50 to 300 seem, the 
substrate temperature from 200 to 500 2 C, and an RF power from 100 to 400 W. Processing is 
performed in Embodiment 4 by a dry etching apparatus using nitrogen, with a gas flow rate of 
100 seem, an RF power of 200 W, and a substrate temperature set to 400 Q C. 

Heat treatment processing is then utilized, performing crystallization of the 
10 semiconductor film 12. The heat treatment process is performed by thermal annealing using 
an annealing furnace. Thermal annealing may be performed for 4 to 12 hours at a 
temperature of 400 to 700 S C, typically between 500 and 550 S C, within a nitrogen atmosphere 
y k having an oxygen concentration equal to or less than 1 ppm, preferably equal to or less than 0.1 
| J ppm. Further, methods such as laser annealing and rapid thermal annealing (RTA) may be 
H§ 15 used as other heat treatment processes instead of thermal annealing. Heat treatment (at 550 a C 
h for 4 hours) is performed in Embodiment 4, forming a crystalline silicon film. Grains . in 
W crystalline semiconductor films thus formed are small, and in particular are suitable for 
! manufacturing sub-micron devices. Furthermore, dispersion in the electrical characteristics is 

® reduced, and it is possible to suppress display irregularities when using the semiconductor 
O 20 films as display portions for all types of semiconductor devices. 

f U Embodiment 5 

An Embodiment of the present invention is explained using Figs. 4A to 4D. 
A synthesized quartz glass substrate, and non-alkaline glass substrates such as barium 
25 borosilicate glass substrates and aluminum borosilicate glass substrates may be used for a 
substrate 10 in Fig. 4A. For example, Corning Corp. #7059 glass, #1737 glass, and the like 
can be applied preferably. Further, plastic substrates having heat resistant properties capable 
of withstanding the processing temperatures of this embodiment may also be used. 

A conductive film is formed and etching is performed, forming a conductive film 31 
30 in a predetermined shape. There are no particular limitations placed on the conductive film 
material, but a material having heat resistance properties is used. The conductive film 31 may 
be formed from an element selected from the group consisting of Ta, W, Ti, Mo, Cu, Cr, and 
Nd, or from an alloy material or a chemical compound having one of these elements as its main 
constituent. Further, a semiconductor film, typically a crystalline silicon film, into which an 



impurity element such as phosphorous is doped may also be used, as may an AgPdCu alloy. 
The conductive film may be a single layer or may be formed by using a laminate structure. 
The conductive film 31 is formed from a W film having a film thickness of 400 nm in 
Embodiment 5. 

5 An insulating film 32 is formed by a known means (such as LPCVD or plasma CVD) 

on the substrate 10 from a film such as a silicon nitride film, a silicon oxynitride film, or a 
silicon oxide film. A 150 nm thick silicon oxynitride film (composition ratio: Si = 32%, O = 
27%, N = 24%, H - 17%) is formed as a base insulating film in Embodiment 5. : 

Next, a semiconductor film 33 is formed to a thickness of 10 to 200 nm (preferably 

10 between 30 and 100 nm) by a known means such as plasma CVD or sputtering. Amorphous 
semiconductor films, macrocrystalline semiconductor films, and the like exist as the 
semiconductor films 33, and compound semiconductor films having an amorphous structure 
such as amorphous silicon germanium films may also be applied as the semiconductor film 33. 
A 55 nm thick amorphous silicon film is formed using LPCVD in Embodiment 5. 

15 The semiconductor film 33 is then exposed to an atmosphere in which a gas, having as 

its main constituent one or a plurality of members selected from the group consisting of inert ■ 
gas elements, nitrogen, and ammonia, is processed into a plasma. A plasma generation 
apparatus (such as a plasma CVD apparatus or a dry etching apparatus) is used in order to turn 
the gas having such elements into a plasma, and the exposure of the semiconductor film is 

20 performed for 30 seconds to 20 minutes (preferably from 3 to 5 minutes). In addition, it is j- 
preferable to perform processing while setting the gas flow rate to from 50 to 300 seem, the | f 
substrate temperature from 200 to 500 e C, and an RF power from 100 to 400 W. Processing is 
performed in Embodiment 5 by a dry etching apparatus using Ar, with a gas flow rate of 100 r 
seem, an RF power of 200 W, and a substrate temperature set to 400 9 C. 

25 The semiconductor film 33 is crystallized next by thermal annealing using a metal 

element such as nickel. First, a layer containing a metal element in order to promote , 
crystallization (the metal containing layer 34) is formed. Metal elements such as nickel, j\ 
palladium, and lead may be used as the metal element, and methods such as plasma processing, : 
evaporation, ion injection, sputtering, and solution application may be applied as a method of ■ 

30 adding the metal element. An aqueous nickel acetate solution (per weight concentration 5 
ppm y volume 10 ml) is applied to the surface of the amorphous silicon film by spin coating to 
form a metal cont ainin g layer in Embodiment 5. 

Heat treatment processing is then utilized, performing crystallization of the 
semiconductor film 33. The heat treatment process is performed by thermal annealing using 

I 4 ......... .' K: 



an annealing furnace. Thermal annealing may be performed for 4 to 12 hours at a 
temperature of 400 to 700 9 C, typically between 500 and 550 Q C, within a nitrogen atmosphere 
having an oxygen concentration equal to or less than 1 ppm, preferably equal to or less than 0.1 
ppm. Further, methods such as laser annealing and rapid thermal annealing (RTA) may be 
5 used as other heat treatment processes instead of thermal annealing. Heat treatment (at 550 9 C 
for 4 hours) is performed in Embodiment 5, forming a crystalline silicon film. 

Crystallization of the semiconductor film can also be performed in combination with a 
"" , known crystallization method other than thermal annealing using a metal element (such as laser 
crystallization). 

10 Grains in crystalline semiconductor films thus formed are small, and in particular are 

suitable for manufacturing sub-micron devices. Furthermore, dispersion in the electrical 
characteristics is reduced, and it is possible to suppress display irregularities when using the 
semiconductor films as display portions for all types of semiconductor devices. 

m-m ■ /•:.'• ■ - ; ••■ ■: ^ v f v V . . • -:, .-• ■• .• 
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ik 15 Embodiment 6 

H= A method of manufacturing an active matrix substrate is explained in Embodiment 6 

[d ■ using Figs. 5A to 10B. A substrate on which driver circuits, and a pixel portion having pixel 
W xFTs and storage capacitors are formed is referred to as an active matrix substrate in 

Q Embodiment 6, for convenience. ' - 

p 20 First, a substrate made from glass, such as barium borosilicate glass or aluminum 

5 borosilicate glass, typically Corning Corp. #7059 glass, #1737 glass, and the like is used as a 

frt substrate 501 in Embodiment 6. Note that quartz substrates, silicon substrates, and metallic 

substrates and stainless steel substrates on which an insulating film is formed may also be used 
as the substrate 501. Further, plastic substrates having heat resistant properties capable of 
25 withstanding the processing temperatures of Embodiment 6 may also be used. A synthesized 
quartz glass substrate is applied in Embodiment 6. 

A lower portion light shielding film 503 is formed next on the quartz substrate 501. 
A base insulating film 502 is formed first from an insulating film such as a silicon nitride film, 
a silicon oxide film, or a silicon oxynitride film having a film thickness of 10 to 200 nm, 
30 preferably between 10 and 150 nm (typically from 50 to 100 nm). The lower portion light 
shielding film 503 is formed from a conductive material capable of withstanding the processing 
temperatures of Embodiment 6, such as Ta, W, Cr, or Mo, or from a laminate structure of such 
elements, at a film thickness on the order of 300 nm. The lower portion light shielding film 
functions as a gate wiring. A 75 nm thick crystalline silicon film is formed in Embodiment 6, 



and after forming a WSix film (where x = 2.0 to 2.8), unnecessary portions are etched, forming 
a lower portion light shielding film 503. Note that although a single layer structure is used as 
the lower portion light shielding film 503 in Embodiment 6, a laminate structure having two or 
more layers may also be used. 
5 A base film 504 is then formed having a film thickness of 10 to 650 nm (preferably 

between 50 and 600 nm) from an insulating film such as a silicon oxide film, a silicon nitride 
film, or a silicon oxynitride film. A single layer structure is used as the base film . 504 in 
Embodiment 6, but a laminate structure in which two or more layers of the insulating films are 
laminated may also be used. A silicon oxynitride film made formed by plasma CVD using 
10 SiRt, NH 3 , and N 2 0 as reactant gasses is formed as the base film 504 in Embodiment 6. The 
silicon oxynitride film 504 (Si = 32%, O = 27%, N = 24%, H = 17%) is formed having a film 
thickness of 580 nm. .,- , i .. . 

A semiconductor film 505 is formed next on the base film 504. A semiconductor 
film 505 having an amorphous structure with a thickness of 25 to 200 nm (preferably between 
15 30 and 100 nm) is formed by a known means such as sputtering, LPCVD or plasma CVD, 
There are no limitations placed on the semiconductor film material, but it is preferable to form 
the semiconductor film from silicon, a silicon germanium (SiGe) alloy, or the like. ' 

The semiconductor film 505 is then exposed to an atmosphere in which a gas, having 
as its main constituent one or a plurality of members selected from the group consisting of inert 
20 gas elements, nitrogen, and ammonia, is processed into a plasma. A plasma generation 
apparatus (such as a plasma CVD apparatus or a dry etching apparatus) is used in order to turn 
the gas into a plasma, and the exposure of the semiconductor film is performed for 30 seconds - 
to 20 minutes (preferably from 3 to 15 minutes). In addition, it is preferable to perform 
processing while setting the gas flow rate to from 50 to 300 seem, the substrate temperature 
25 from 200 to 500°C, and an RF power from 100 to 400 W. A plasma CVD apparatus is used in 
Embodiment 5, Ar gas is introduced, and plasma processing is performed for 5 mmutes. _^ , 

Thermal crystallization using a catalyst (metal element) . such as nickel is ; . then 
performed, crystallizing the semiconductor film. Further, in addition to thermal 
crystallization using a catalyst such as nickel, a known crystallization process (such as laser ' 
30 crystallization or thermal crystallization) may also be performed in combination. An aqueous 
nickel acetate solution (per weight concentration 5 ppm, volume 10 ml) is applied to the entire 
surface of the film by spin coating in Embodiment 5 to form an aqueous nickel acetate solution 
film 500, and this is exposed for 12 hours at a temperature of 500° C in a nitrogen atmosphere. 

Further, if a laser crystallization method is also applied, a continuous oscillation or a 
16 
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pulse oscillation solid state laser, gaseous state laser, metallic laser, and the like can be used. 
Note that continuous oscillation or pulse oscillation lasers such as YAG lasers, YV0 4 lasers, 
YLF lasers, YA10 3 lasers, glass lasers, ruby lasers, alexandrite lasers, and Tirsapphire lasers, 
may be used as solid state lasers. Examples of gaseous state lasers include continuous 
5 oscillation or pulse oscillation excimer lasers, Ar lasers, Kr lasers, and CO2 lasers, while 
helium cadmium lasers, copper vapor lasers, and gold vapor lasers can be given as examples of 
metallic lasers. If a laser is used, a method in which a laser beam emitted form a laser 
oscillator is condensed into a linear shape by an optical system may be used. Conditions for 
crystallization may be suitably set by the operator, but the pulse oscillation frequency is set to 
10 300 Hz and the laser energy density is set to from 100 to 800 mJ/cm 2 (typically between 200 
and 700 mJ/cm 2 ) if an excimer laser is used. Further, the second harmonic is utilized if a 
YAG laser is used, the pulse oscillation frequency is set to form 1 to 30 Hz, and the laser 
energy density is set to form 300 to 1500 mJ/cm 2 , preferably between 300 and 1000 mJ/cm2 
. (typically from 350 to 800 mJ/cm 2 ). The laser beam, condensed into a linear shape with a 
15 width of 100 to 1000 pjn, for example 400 um, may then be irradiated over the entire substrate 
surface. This may be performed such that the overlap ratio for the linear shape laser beam at 
this point is from 50 to 98%. Furthermore, it is necessary for the energy density to be set to 
from 0.01 to 100 MW/cm2 (preferably from 0.1 to 10 MW/cm 2 ) if a continuous oscillation 
: %: laser is used. It is then preferable to irradiate the laser light by moving a stage relative to the 
20 laser beam at a speed of 0.5 to 2000 cm/s. \ . 

A crystalline semiconductor film having a small grain size can thus be formed. 
Gettering is then performed in order to remove from, or reduce the concentration of, 
the metal element used in order to promote crystallization in semiconductor layers that become 
active regions. The method disclosed in Japanese Patent Application Laid-open No. Hei 
25 10-270363 may be applied for gettering. A silicon oxide film having a film thickness of 50 
nm is formed as a mask in Embodiment 5, patterning is performed, and silicon oxide layers 
506a to 506d having predetermined shapes are obtained. Phosphorous (P) is then selectively 
injected into the semiconductor film, and heat treatment is performed. The metal element can 
thus be removed from the semiconductor layers, or reduced in concentration to a level at which 
30 it does not influence the semiconductor characteristics of the semiconductor layers. A 
lowered off current value, and a high electric field mobility can be obtained due to good 
CTystallinity for TFTs having active regions thus manufactured. Good characteristics can thus 
be achieved. 

Etching of the crystalline semiconductor film is then performed, forming 
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semiconductor layers 507a to 510a. 

The masks 506a to 506d to be the silicon oxide films are removed next, a new 
insulating film 511 is formed, and heat treatment processing is performed in order to increase 
the crystallinity of the semiconductor film. It is preferable to thermally oxidize an upper 
5 portion of the semiconductor film. Heat treatment is performed using an annealing furnace 
after forming a 20 nm thick silicon oxide film by using an LPCVD apparatus in Embodiment 5. 
Upper portions of the semiconductor layers 507a to 510a are oxidized by this process. If the 
insulating film 511 and the oxidized portions of the semiconductor film layers are then etched, 
semiconductor layers 507b to 510b having increased crystallinity can be obtained. 
10 Doping of a small amount of an impurity element (boron or phosphorous) may also be 

performed after forming the semiconductor layers 507b to 510b in order to control the TFT 
threshold value. 

l^l A first gate insulating film 512a is formed next, covering the semiconductor layers 

507b to 510b. The first gate insulating film 512a is formed by an insulating film containing 
# 15 silicon with a thickness of 20 to 150 nm using plasma CVD or sputtering. A silicon 
Q oxynitride film having a film thickness of 35 nm (composition ratio: Si = 32%; O = 59%; N = 

W 7%; H = 2%) is formed using plasma CVD in Embodiment 6. The gate insulating film is of 

s course not limited to a silicon oxynitride film, and other insulating films containing silicon may 

|*J also be used. 

p 20 Further, when using a silicon oxide film, it can be formed by plasma CVD with a 

pi mixture of TEOS (tetraethyl orthosilicate) and 0 2 , at a reaction pressure of 40 Pa, with the 

fU substrate temperature set to from 300 to 400°C, and by discharging at a high frequency (13.56 

MHz) electric power density of 0.5 to 0.8 W/cm 2 . Good characteristics as a gate insulating 
film can be obtained by subsequently performing thermal annealing at a temperature of 400 to 
25 500° C respect to the silicon oxide film thus manufacture. 

The gate insulating film is then partially etched, exposing the semiconductor layer 
510b which becomes one electrode of a storage capacitor, and an impurity element is 
introduced to the semiconductor layer 510b. A resist mask 513a and 513b are formed on 
other regions at this point, and therefore the impurity element is not introduced there. Doping 
30 is performed in Embodiment 6 using P (phosphorous) as the impurity element, with an 
acceleration voltage of 10 keV and a dosage of 5xl0 14 /cm 2 . 

A second gate insulating film 512b is formed next. The second gate insulating film 
512b is formed of an insulating film containing silicon with a thickness of 20 to 150 nm using 
plasma CVD or sputtering. A silicon oxynitride film having a film thickness of 50 nm 
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(composition ratio: Si = 32%; O = 59%; N = 7%; H = 2%) is formed using plasma CVD in 
Embodiment 6. The gate insulating film is of course not limited to a silicon oxynitride film, 
and other insulating films containing silicon may also be used. 

A first conductive film 515 having a film thickness of 20 to 100 nm, and a second 
5 conductive film 516 having a film thickness of 100 to 400 nm are then formed in lamination 
after forming a contact hole for connecting to the lower portion light shielding film. The first 
conductive film 515, made of a 30 nm thick TaN film, and the second conductive film 516, 
made of a 370 nm thick W film , are formed and laminated in Embodiment 5. The TaN film is 
formed by sputtering using a Ta target in a nitrogen atmosphere. Further, the W film is 
10 formed by sputtering using a W target. In addition, the W film can also be formed by thermal 
CVD using tungsten hexafluoride (WFs). Whichever is used, it is necessary to make the film 
low resistance in order to use it as a gate electrode, and it is desirable that the resistivity of the 
\& W film be made equal to or less than 20 u.Ucm. The resistivity can be lowered by enlarging 

jpr., the crystal grains of the W film, but crystallization is inhibited for cases where there are many 
€l 15 impurity elements such as oxygen within the W film, and the film thus becomes high resistance. 
I_y A resistivity of 9 to 20 jxUcm can be achieved by sputtering using a high purity W target 

m (99.9999% purity), and in addition, by fonning the W film while taking sufficient care that no 

impurities from within the gas phase are introduced at the time of film formation. 

Note that, although the first conductive film 515 is TaN and the second conductive 



a 

w - 

ill 20 film 516 is W in Embodiment 5, the conductive films are not limited to such films. The first 
H conductive film 515 and the second conductive film 516 may both also be formed from an 

W element selected from the group consisting of Ta, W, Ti, Mo, Al, Cu, Cr, and Nd, from an alloy 

material having one of these elements as its main constituent, or from a chemical compound of 
these elements. Further, a semiconductor film, typically a crystalline silicon film into which 
25 an impurity element such as phosphorous is doped, may also be used, as may an AgPdCu alloy. 
Examples of combinations other than that used in Embodiment 6 include: forming the first 
conductive film by a tantalum (Ta) film and combining it with the second conductive film 
formed from a W film; fo rmin g the first conductive film by a titanium nitride (TiN) film and 
combining it with the second conductive film formed from a W film; forming the first 
30 conductive film by a tantalum nitride (TaN) film and combining it with the second conductive 
film formed from an Al film; and forming the first conductive film by a tantalum nitride (TaN) 
film and combining it with the second conductive film formed from a Cu film. 

Masks (not shown in the figures) formed from resist are formed next using 
photolithography, and a etching process is performed in order to form electrodes and wirings. 
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An ICP (inductively coupled plasma) etching method is used in Embodiment 6, and the etching 
conditions include: a gas mixture of CF4, C12, and 02 is used as an etching gas; the gas flow 
rates are set to 25 : 25 : 10 seem, respectively; and a plasma is generated by applying a 500 W 
RF electric power (13.56 MHz) to a coil shape electrode at 1 Pa, thereby performing etching. 

5 A dry etching apparatus (model E645- ICP) using ICP which is produced by Matsushita 
Electric Inc. is employed. A 150 W RF electric power (13.56 KHz) is also applied to the 
substrate side (test piece stage), effectively applying a negative self-bias voltage. 

A third doing process is then performed, and an impurity element that imparts n-type 
conductivity is introduced into the semiconductor films (Fig. 7A). The doping process may 

10 be conducted by ion doping or ion injection. Ion doping is performed at conditions of a 
dosage of lxlO 13 to 5xl0 14 /cm 2 , and an acceleration voltage of 30 to 80 keV. The dosage is 
set to 1.5xl0 13 /cm 2 in Embodiment 5, and doping is performed at an acceleration voltage of 60 
keV. A periodic table group 15 element, typically phosphorous (P) or arsenic (As) is used, 
and phosphorous (P) here in Embodiment 5, is used as the impurity element that imparts n-type 

15 conductivity. In this case, the conductive layers 517 to 521 become masks with respect to the 
impurity element that imparts n-type conductivity, and low concentration impurity regions 523 
" and 524 are formed in a self-aligning manner. The n-type conductivity imparting impurity 
element is added to the low concentration impurity regions 523 and 524 at a concentration 
range of lxlO 18 to lxlO 20 cm/ 3 . A mask 522 made from resist is formed on the semiconductor 

20 layers used in fonning a p-channel TFT, and the impurity element that imparts n-type 
conductivity is thus not introduced to these semiconductor layers. 

The resist mask is then removed, new masks are formed, and a fourth doping process 
is performed as shown in Fig. 7B. Doping is performed by ion doping with a dosage of 
lxlO 13 to lxlO 15 /cm 2 and the acceleration voltage set to 30 to 120 keV. At this time, a mask 

25 525b is formed so that an impurity element that imparts n-type conductivity is not introduced 
to semiconductor layers that form p-channel TFTs, and masks 525a and 525c are formed in 
order to form high concentration impurity regions selectively in the semiconductor layers for 
forming n-channel TFTs. In Embodiment 6, the dosage is set to 2xl0 15 /cm 2 , and doping is 
performed with the acceleration voltage set to 50 keV. High concentration impurity regions 

30 526 and 529, low concentration impurity regions 527 and 530, and channel forming regions 
528 and 531. 

The resist masks are removed next, after which new masks 532a and 532b are formed 
from resist, and a fifth doping process is performed as shown in Fig. 7C. An impurity region 
533, to which an impurity element that imparts a conductivity type opposite the above single 

20 



conductivity type is added, and which becomes a p-channel TFT active layer, is formed by the 
fifth doping process. An impurity element that imparts p-type conductivity is added by using 
the second conductive layer 518 as a mask against the impurity element, to thereby form an 
impurity region 533 in a self-aligning manner. The impurity region 533 is formed by ion 
doping using diborane (B 2 H 6 ) in Embodiment 6. Ion doping is performed with a dosage of 
lxlO 13 to lxlO 15 /cm 2 and an acceleration voltage set to from 30 to 120 keV. The 
semiconductor layers which form n-channel TFTs are covered by the resist masks 532a and 
532b dunng the fifth doping process ■ H,, 

The resist masks are then removed, new masks are formed, and a sixth doping process 
is performed as shown in Fig. 8A. Ion doping is performed with a dosage of lxlO 13 to lxlO 15 
/cm 2 and an acceleration voltage set to from 20 to 120 keV. Masks 534a and 534c are formed 
so that an impurity element that imparts p-type conductivity is not introduced into 
semiconductor layers which form n-channel TFTs, and a mask 534b is formed in order to 
selectively form a high concentration impurity region in the semiconductor layer for forming a 
p-channel TFT. The dosage is set to lxlO 15 /cm 2 in Embodiment 6, and the acceleration 
voltage is set to 40 keV. A high concentration impurity region 535 is thus formed. 

High concentration impurity impurity regions are 

formed in the respective semiconductor layers by the above process steps. 

I he resist mask 534 (534a to?534c} is removed^ next; and a first interlayer insulating 
film 538 is formed. An insulating film cbntahiing silicon and having a thickness of 100 to 
200 nm is formed as the first interlayer insulating film 538 by using plasma CVD or sputtering. 
A 150 nm thick silicon oxynitride film is formed in Embodiment 6 by plasma CVD. The first 
interlayer insulating film 538 is of course not limited to silicon oxynitride films, and other 
insulating films containing silicon may also be used, in single layer or laminate structure. 

Heat treatment is performed next as shown in Fig. 8B, recovering crystallinity of the 
semiconductor layers, and performing activation of the impurity elements added to the 
respective semiconductor layers. Thermal annealing using an annealing furnace is performed 
for the heat treatment process. Thermal annealing may be performed at a temperature of 400 
to 1000°C, typically between 500 and 550°C, in a nitrogen atmosphere having an oxygen 
concentration equal to or less than 1 ppm, preferably equal to or less than 0.1 ppm. 
Activation process is performed by heat treatment for 30 minutes at 950°C in Embodiment 6. 
Note that, in addition to thermal annealing, laser annealing using a laser such as a YAG laser, 
and rapid thermal annealing (RTA) can also be performed. 

If heat treatment is performed using laser annealing, it is preferable to use a 
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continuous emission or pulse emission solid state laser, gaseous state laser, or metal laser. It 
is necessary to set the energy density of laser light to from 0.01 to 100 MW/cm 2 (preferably 
between 0.01 and 10 MW/cm 2 ) if a continuous emission laser is used, and the substrate is 
moved at a speed of 0.5 to 2000 cm/s relative to the laser light. Further, it is preferable that 
5 the laser energy density be from 50 to 900 mJ/cm 2 (typically between 50 and 500 mJ/cm 2 ) at a 
frequency of 300 Hz if a pulse emission laser is used. The laser light may be overlapped from 
50 to 98% at this time. 

Heat treatment processing may also be performed before forming the first interlayer 
insulating film 538. However, if the wiring material used is weak with respect to heat, then it 

10 is preferable to perform heat treatment after forming an interlayer insulating film (an insulating 
film having silicon as its main constituent, for example, a silicon nitride film) in order to 
protect the wirings and the like, as in Embodiment 6. 

Hydrogenation processing can be performed if heat treatment is performed (at a 
temperature of 300 to 550°C for 1 to 12 hours). This process is one of terminating dangling 

15 bonds in the semiconductor layers by hydrogen contained in the first interlayer insulating film 
538. The semiconductor layers can also be hydrogenated, of course, irrespective of the 
presence of the first interlayer insulating film . As another means for hydrogenation, plasma 
hydrogenation (using hydrogen excited by a plasma) or heat treatment for 1 to 12 hours at 300 
to 450°C within an atmosphere containing hydrogen of 3 to 100% may also be performed. 

20 Next, a second interlayer insulating film 539 made from an inorganic insulating 

material or an organic insulating material is formed on the first interlayer insulating film 538. 
A 1 pun thick silicon oxynitride film is formed in Embodiment 6. 

Wirings 540 to 542 electrically connected to the impurity regions are then formed in a 
driver circuit 555. Further, in a pixel portion 556, source wirings 543 and 545, and a drain 

25 electrode 544 are formed. Note that a lamination film of a 50 nm thick Ti film and a 500 nm 
thick alloy film (Al and Ti alloy film) is patterned in order to form the wirings. There are no 
limitations regarding the two layer structure, of course, and a single layer structure or a 
laminate structure having three or more layers may also be used. Further, the wiring material 
is not limited to Al and Ti. For example, a lamination film, in which Al or Cu is formed on a 

30 TaN film, and then a Ti film is formed, may be patterned, forming the wirings. 

An upper surface diagram of the state of manufacturing up through this point is shown 
in Fig. 9. Note that the same reference symbols are used for portions corresponding to those 
of Figs. 5A to 8C. A dashed line A-A in Fig. 8C corresponds to a cross sectional diagram cut 
along a dashed line A-A in Fig. 9. Further, a dashed line B-B' in Fig. 8C corresponds to a 
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cross sectional diagram cut along a dashed line B-B' in Fig. 9. 

As shown Fig. 10A, a third interlayer insulating film 560 made from an inorganic 
insulating material or an organic insulating material is formed next on the second interlayer 
insulating film 539. A 1.8 [xm thick silicon oxynitride film is formed in Embodiment 6. 
5 A film possessing high light shielding properties, such as Al, Ti, W, Cr, or a black 

color resin is formed on the third interlayer insulating film 560 and patterned into a desired 
shape, forming light shielding films 561 and 562. The light shielding films 561 and 562 are 
disposed in a mesh shape so as to shield light in portions other than opening portions of pixels. 
In addition, a fourth interlayer insulating film 563 is formed from an inorganic insulating 
10 material so as to cover the light shielding films 561 and 562. (Fig. 10B) 

A contact hole leading to the connection wiring 544 is then formed, and a 100 nm 
thick transparent conductive film such as ITO is formed and patterned into a desired shape, 
forming pixel electrodes 564 and 565. 

; " , A driver circuit 555 having an CMOS circuit composed of an n-channel TFT 551 and 
15 a p-channel TFT 552, and a pixel portion 556 having a pixel TFT 553 and a storage capacitor 
554 can thus be formed on the same substrate. An active matrix substrate is thus completed. 

Note that it is possible to freely combine Embodiment 6 with any one of Embodiments 
lto5. , - ■ " . _- ;.;:. vl ■. 

20 Embodiment 7 ; :; 

A process of manufacturing a reflecting liquid crystal display device from the active 
matrix substrate manufactured by Embodiment 6 is explained in Embodiment 7. Fig. 11 is 
used in the explanation. Although this Embodiment does not description the present 
invention, this Embodiment use an active matrix substrate manufactured in Embodiment 6. 

25 Therefore, it is considered that the present invention is applied for this Embodiment. 

First, an orientation film 567 are formed at least on the pixel electrodes 564 and 565 
on the active matrix substrate of Fig. 7C after obtaining the active matrix substrate in the state 
of Fig. 10B in accordance with Embodiment 6. A rubbing process is then performed. Note 
that, before forming the orientation film 567, rod shape spacers (not shown in the figure) are 

30 formed in predetermined positions in Embodiment 7 in order to maintain a substrate gap by 
patterning an organic resin film such as an acrylic resin film. Further, spherical shaped 
spacers may also be distributed over the entire substrate surface as a substitute for the rod 
shape spacers. 

An opposing substrate 569 is prepared next, and a coloration layer 570 and a leveling 
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film 573 are formed on the opposing substrate 569. 

An opposing electrode 576 made from a transparent conductive film is then formed on 
at least the pixel portion on the leveling film 573, and an orientation film 574 is formed over 
the entire surface of the opposing substrate. A rubbing process is then performed. 
5 The active matrix substrate on which the pixel portion and the driver circuit are 

formed, and the opposing substrate are next bonded by a sealing material 568. A filler is 
mixed into the sealing material 568, and the two substrate can be bonded while maintaining a 
uniform gap by the filler and the rod shape spacers. A liquid crystal material 575 is next 
injected between both substrates, which are then completely sealed by using a sealant (not 
10 shown in the figure). Known liquid crystal materials may be used for the liquid crystal 
material 575. The reflecting liquid crystal display device shown in Fig. 11 is thus completed. 
The active matrix substrate or the opposing substrate may then be sectioned into a desired 

shape if necessary, m addition, a polarizing plate (not shown in the figure) is attached to only 

H' . . . - -> • 

O the opposing substrate, and an FPC is attached using a known technique. 

'% 15 A liquid crystal display panel thus manufactured can be used as the display portion of 

H all types of electronic devices. 

Note that it is possible to freely combine Embodiment 7 with any of Embodiments 1 

■y to 6. 

k ' ■ ' " f""" : ; ' ; ' : 

20 Embodiments .. 

£fl An example of manufacturing a light emitting device using the method of 

Q 

F?| manufacturing a TFT employed when manufacturing the active matrix substrate shown in 

Embodiment 6 is explained in Embodiment 8. Although this Embodiment does not 
description the present invention, this Embodiment use an active matrix substrate 
25 manufactured in Embodiment 6. Therefore, it is considered that the present invention is 
applied for this Embodiment. The term light emitting device is a generic term in this 
specification used to indicate display panels in which light emitting elements formed on a 
substrate are enclosed between the substrate and a cover material, and to indicate display 
modules in which an IC is mounted to the display panel. Note that light emitting elements 
30 have a layer (light emitting layer) containing an organic compound in which 
electooluminescence generated by the addition of an electric field can be obtained, an anode 
layer, and a cathode layer. Further, light emission when returning to a base state from a 
singlet excitation state (fluorescence), and light emission when returning to a base state from a 
triplet excitation state (phosphorescence) exist as luminescence types for organic compounds, 
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and either one or both of the types may be used for the emission of light. 

Note that, within this specification, all layers formed between an anode and a cathode 
in a light emitting element are defined to be organic light emitting layers. Specifically, light 
emitting layers, hole injecting layers, electron injecting layers, hole transporting layers, 
5 electron transporting layers, and the like are included in the category of organic light emitting 
layers. Light emitting elements basically have a structure in which an anode layer, a light 
emitting layer, and a cathode are laminated in order. In addition to this structure, light 
emitting elements also have structures such as one in which ah anode, a hole injecting layer, a 
light emitting layer, and a cathode layer, or one in which an anode layer, a hole injecting layer, 

10 a light emitting layer, an electron transporting layer, and a cathode layer are laminated in order. 

Fig. 12 is a cross sectional diagram of a light emitting device of Embodiment 8. The 
n-channel TFT 551 of Fig. 8C is used for forming a switching TFT 603 formed on a substrate 
in Fig. 12. The explanation of the n-channel TFT 551 may therefore be referred to for an 
explanation of the structure. ^ • ■'■ v 

15 Note that, although a double gate structure in which two channel forming regions are 

formed is used in Embodiment 8, a single gate structure in which one channel forming region 
is formed, and a triple gate structure in which three channel forming regions are formed may 
also be used. "..."•„.?•• 

A driver circuit formed on the substrate 700 is formed using the CMOS circuit of Fig. 

20 8C. The explanation of the n-channel TFT 551 and the p-channel TFT 552 may therefore be 
referred to for an explanation of he CMOS circuit structure. Note that although a single gate 
structure is used in Embodiment 8, a double gate structure or a triple gate structure may also be 
used. 

Further, wirings 701 and 703 are source wirings of the CMOS circuit, and a wiring 
25 702 functions as a drain wiring. A wiring 704 functions as a wiring that electrically connects 
a source wiring and a source region of the switching TFT. Although a wiring 705 is a wiring 
that electrically connects a drain region of the switching TFT, it functions as a gate electrode of 
an electric current control TFT 604. 

Note that an electric current control TFT 604 is formed using the p-channel TFT 552 
30 of Fig. 8C. The explanation of the p-channel TFT 552 may therefore be referred to for an 
explanation of the structure for the electric current control TFT 604. Note that although a 
single gate structure is shown here, a double gate structure or a triple gate structure may also be 
used. 

A wiring 706 is a source wiring (corresponding to an electric current supply line) of 



the electric current control TFT 604, and reference numeral 707 denotes an electrode that is 
electrically connected to a pixel electrode 711 of the electric current control TFT 604 by 
overlapping with the pixel electrode 711. 

Note that the reference numeral 711 denotes a pixel electrode (light emitting element 
5 anode) made from a transparent conductive film. A compound of indium oxide and tin oxide, 
a compound of indium oxide and zinc oxide, zinc oxide, tin oxide, and indium oxide can be 
used as the transparent conductive film. Further, gallium may also be added to the 
aforementioned transparent conductive films. The pixel electrode . 711. is formed on a level 
interlayer insulating film 710 before forming the wirings. It is extremely important in 
10 Embodiment 8 to level steps due to the TFTs by using the leveling film 710 made from a resin. 
The light emitting layers formed later are extremely thin, and therefore light emitting failures 
may occur due to the existence of steps. It is therefore preferable to perform leveling before 
forming the pixel electrode so that the pixel electrode can be formed on as level a surface as 
possible. ., .. '•. 7 . . - :£ . .. • - . . . •'• ',• . 

15 A bank 712 is formed as shown in Fig. 12 after forming the pixel electrode 711. The 

bank 712 may be formed by patterning an insulating film containing silicon, or an organic resin 
film, having a thickness of 100 to 400 nm. 

Note that it is necessary to exercise caution against damage to the element due to 
static electricity during film formation because the bank 712 is an insulating film. Carbon 
20 particles or metal particles are added to the insulating film that becomes the bank 712 material 
in Embodiment 8, the resistivity is lowered, and the generation of static electricity is controlled. 
The amount of carbon particles or metal particles added may be regulated so that the restivity 
becomes lxlO 6 to lxlO 12 Um (preferably between 1x10 s and lxlO 10 Urn). 

A light emitting layer 713 is formed on the pixel electrode 711. Note that while only 
25 one pixel is shown in Fig. 12, the light emitting layer is divided into portions corresponding to 
the colors of R (red), G (green), and B (blue) in Embodiment 8. Further, a low molecular 
weight organic light emitting material may be formed by an evaporation method in 
Embodiment 8. Specifically, a laminate structure may be formed in which a 20 nm thick 
copper phthalocyanine (CuPc) film is formed as a hole injecting layer, and a 70 nm thick 
30 tris-8-aluminum quinolinolate complex (Alqs) film may be formed on the CuPc film as a light 
emitting layer. The color of light emitted can be controlled by adding a fluorescing pigment 
such as quinacridon, perillin, or DCM1 to Alq3. 

Note that the above example is one example of organic light emitting materials 
capable of being used as the light emitting layer, and the light emitting layer need not be 
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limited to these. A light emitting layer in which a light emitting layer, a charge transporting 
layer, and a charge injecting layer are freely combined (layer for emitting light and for 
performing transport of carriers for light emission) may also be used. For example, although 
an example of using low molecular weight organic light emitting materials as the light emitting 
5 layer is shown in Embodiment 8, intermediate molecular weight organic light emitting 
materials or high molecular weight light emitting materials may also be used. Note that, 
within this specification, organic light emitting materials that do not have sublimation 
. , properties, and in which the number of molecules is equal to or less than 20 or the molecular 
length is less than or equal to 10 urn, are taken as intermediate molecular weight organic light 

10 emitting materials. Furthermore, a laminate structure in which a 20 nm thick polythiophene 
(PEDOT) film is formed by a spinning application method as a hole injecting layer, and a 
paraphenylene vinylene (PPV) film having a thickness on the order of 100 nm is formed as a 
light emitting layer on the hole injecting layer, may be taken as an example of using a high 
molecular weight organic light emitting material. Note that light emitting wavelengths from 

15 red to blue can be selected if jc conjugate polymers of PPV are used. Further, it is also 
possible to use inorganic materials such as silicon carbide as electron transporting layers and 
electron injecting layers. Known materials can be used for these organic light emitting 
materials and inorganic materials. - « 

A cathode 714 is formed next on the light emitting layer 713 from a conductive film. 

20 An alloy film of aluminum and lithium is used as the conductive film in Embodiment 8. A 
known MgAg film (an alloy film of magnesium and silver) may of course also be used. A 
conductive film made from an element residing in group 1 or group 2 of the periodic table, or a 
conductive film to which one of the group 1 or group 2 elements is added, may be used as the 
cathode material. 

25 A light emitting element 715 is complete at the point up through the formation of the 

cathode 714. Note that the light emitting element 715 indicates a diode formed by the pixel 
electrode (anode) 711, the light emitting layer 713, and the cathode 714 here. 

It is effective to form a passivation film 716 so as to cover the entire light emitting 
element 715. An insulating film containing a carbon film, a silicon nitride film, or a silicon 
30 oxynitride film is used as the passivation film 716, and a single layer or a lamination of the 
insulating films may be used. 

It is preferable to use a film having good coverage as the passivation film, and the use 
of a carbon film, in particular a DLC (diamond like carbon) film is effective. It is possible to 
form DLC films within a temperature range from room temperature to 100°C or less, and 
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therefore it can easily be formed on the light emitting layer 713, which has a low resistance to 
heat. Further, DLC films have a high blocking effect with respect to oxygen, and it is thus 
possible to control oxidation of the light emitting layer 713. A problem of the light emitting 
layer 713 oxidizing during a subsequent sealing process can therefore be prevented. 
5 In addition, a sealant 717 is formed on the passivation film 716, thereby a cover 

material 718 is bonded. An ultraviolet setting resin may be used as the sealant 717, and it is 
effective to form a substance having a hygroscopic effect or a substance having an oxidation 
preventing effect on an inside portion. Furthermore, a glass substrate, a quartz substrate, or a 
plastic substrate (including a plastic film) on which a carbon film (preferably a diamond like 
10 carbon film) is formed on both sides, is used as the cover material 718 in Embodiment 8. 

A light emitting device having a structure like that shown in Fig. 12 is thus completed. 
Note that processes from after formation of the bank 712 until the formation of the passivation 
y k film 716 may be performed using a multi-chamber (or in-line) film formation apparatus. This 
is effective for processing in succession, without exposure to the atmosphere. Further, it is 
m 15 also possible to make additional advancements and perform processing consecutively up 
i !■ through the bonding of the cover material 718 without exposure to the atmosphere. 
W The n-channel TFTs 601 and 602 r the switching TFT (n-channel TFT) 603, and the 

v \ electric current control TFT (n-channel TFT) 604 ar& thus formed on the substrate. The 
hi number of masks necessary for the manufacturing process steps' tip to this point is less than the 
O 20 number for a conventional active matrix light emitting device. 

f S | In other words, the TFT manufacturing process steps can be greatly simplified, 

f U throughput can be increased, and a reduction in production costs can be achieved. 

In addition, n-channel TFTs which are strong with respect to deterioration caused by 
the hot carrier effect can be formed by forming an impurity region overlapping with a gate 
25 electrode, through an insulating film, as explained using Fig. 12. A light emitting device 
having high reliability can therefore be realized. 

Further, although only a pixel portion and a driver circuit are shown in Embodiment 7, 
it is also possible to form logic circuits such as a signal divider circuit, a D/A converter, an 
operation amplifier, and a y compensation circuit in the same insulating body in accordance 
30 with the manufactoiring process steps of Embodiment 7. In addition, memory circuits and 
microprocessors can also be formed. 

Figs. 13A and 13B are used for explaining the light emitting device of Embodiment 8 
after processing up through a sealing (enclosing) step for protecting the light emitting elements. 
Note that the reference numerals used in Fig. 12 are also used in Figs. 13A and 13B if 



Fig. 13A is an upper surface diagram showing the state up through the performance of 
sealing the light emitting elements, and Fig. 13B is a cross sectional diagram of Fig. 13 A cut 
along a line segment C-C Reference numeral 801 shown by a dotted line denotes a source 
side driver circuit, reference numeral 806 denotes a pixel portion, and reference numeral 807 
denotes a gate side driver circuit. Further, reference numeral 901 denotes a cover material, 
reference numeral 902 denotes a first sealing material, and reference numeral 903 denotes a 
second sealing material. A sealant 907 is formed on the inside of a region surrounded by the 
first sealing material 902. 

Note that reference numeral 904 denotes a wiring for transmitting signals input to the 
source side driver circuit 801 and the gate side driver circuit 807, and the wiring 904 receives 
video signals and clock signals from an external input terminal FPC (flexible printed circuit) 
905. Note that, although only the FPC is shown in the figures here, a printed wiring board 
(PWB) may also be attached to the FPC. : The light emitting device of the present 
specification includes not only the light emitting device body itself, but also the state in which 
an FPC or a PWB are attached to the light emitting device body. 

The cross sectional structure is explained next using Fig. 13B. The pixel portion 806 
and the gate side driver circuit 807 are formed on an upper side of a substrate 700. The pixel 
portion 806 is formed by a plurality of pixels containing the electric current control TFT 604 
and the pixel electrode 711 electrically connected to the drain of the electric current control 
TFT 604. Furthermore, the gate side driver circuit 807 is formed using a CMOS circuit in 
which the n-channel TFT 601 and the p-channel TFT 602 are combined (refer to Fig. 8C). 

The pixel electrode 711 functions as the anode of the light emitting element. Further, 
the banks 712 are formed in both edges of the pixel electrode 711, and the light emitting layer 
713 and the cathode 714 of the light emitting element are formed on the pixel electrode 711. 

The cathode 714 also functions as a common wiring between all pixels, and is 
electrically connected to the FPC 905 via the connection wiring 904. In addition, elements 
contained in the pixel portion 806 and the gate side driver circuit 807 are all covered by the 
cathode 714 and the passivation film 716. 

The cover material 901 is bonded by the first sealing material 902. Note that spacers 
made from a resin film may also be formed in order to maintain a gap between the cover 
material 901 and the light emitting elements. The sealant 907 is filled into the inside of the 
first sealing material 902. Note that it is preferable to use an epoxy resin for the first sealing 
material 902 and the sealant 907. Note that it is preferable to use an epoxy-based resin for the 
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first sealing material 902 and the sealant 907. Further, it is desirable that the first sealing 
material 902 be a material through which as little as possible moisture and oxygen can pass. 
In addition, a substance possessing a hygroscopic effect and a substance possessing an 
oxidation preventing effect may also be included in the inside of the sealant 907. 
5 The sealant 907 formed so as to cover the light emitting elements also functions as an 

adhesive in order to bond the cover material 901. Further, FRP (fiberglass reinforced plastic), 
PVF (polyvinyl fluoride), Mylar, polyester, and acrylic can be used as the material of the 
plastic substrate forming the cover material 901 in Embodiment 8. ' £ - ; '. 

After bonding the cover material 901 using the sealant 907, the second sealing 
10 material 903 is formed so as to cover the side surfaces (exposed surfaces) of the sealant 907. 
The same material as the first sealing material 902 can be used for the second sealing material 

903. : . ; - 

The light emitting elements can be completely cut off from the outside by sealing the 
light emitting elements using the sealant 907 in the light emitting device having the 

15 aforementioned structure. In addition, the incursion of substances from the outside, such as 
moisture and oxygen, that promote deterioration by oxidizing the light emitting layers can be 
prevented. A light emitting device having high reliability can therefore be obtained. 

' : - Note that it is possible to freely combine Embodiment 8 with any of Embodiments 1 

to 7. " 

20 

Embodiment 8 

Many kinds of light electro-optical devices (active matrix liquid crystal display 
devices, active matrix light emitting devices, and active matrix EC display devices) can be 
manufactured by applying the present invention. In other words, the present invention can be 

25 implemented in all electronic devices in which such an electro-optical device is built in as a 
display portion. Note that although this Embodiment does not description the present 
invention, the light electro-optical devices in this Embodiment are manufactured by combining 
with each of Embodiments 1-8. Therefore, it is considered that the present invention is 
applied for this Embodiment. 

30 Video cameras, digital cameras, projectors, head mounted displays (goggle displays), 

car navigation systems, car stereos, personal computers, and portable information terminals 
(such as mobile computers, portable telephones, and electronic books) can be given as 
examples of such electronic devices. Examples of these are shown in Figs. 14A to 14F, Figs. 
15A to 15D, and in Figs. 16A to 16C. 

30 



Fig. 14A is a personal computer, and includes a main body 3001, an image input 
portion 3002, a display portion 3003, and a keyboard 3004. The present invention can be 
applied to the display portion 3003. 

Fig. 14B is a video camera, and includes a main body 3101, a display portion 3102, an 
audio input portion 3103, operation switches 3104, a battery 3105, and an image receiving 
portion 3106. The present invention can be applied to the display portion 3102. 

Fig. 14C is a mobile computer, and includes a main body 3201, a camera portion 3202, 
an image receiving portion 3203, operation switches 3204, and a display portion 3205. The 
present invention can be applied to the display portion 3205. 

Fig. 14D is a goggle display, and includes a main body 3301, a display portion 3302, 
and an arm portion 3303. The present invention can be applied to the display portion 3302. 

Fig. 14E is a player using a recording medium for recording a program (hereafter 
referred to as a recording medium), and includes a main body 3401, a display portion 3402, a 
speaker portion 3403, a recording medium 3404, and operation switches 3405. Note that the 
player uses media such as DVDs (digital versatile discs) and CDs as recording media, and that 
music appreciation, film appreciation, games, and Internet use can be performed. The present 
invention can be applied to the display portion 3402. 'L 

Fig. 14F is a digital camera, and includes a main body 3501, a display portion 3502, a 
viewfinder 3503, operation switches 3504, and an image receiving portion (not shown in the 
figure). The present invention can be applied to the display portion 3502. 

Fig 15A is a front projector, and includes a projector apparatus 3601 and a screen 
3602. The present invention can be applied to a liquid crystal display device 3808 of Fig. 
15C structuring a portion of the projector apparatus 3601, and to other driver circuits. 

Fig. 15B is a rear projector, and includes a main body 3701, a projector apparatus 
3702, a mirror 3703, and a screen 3704. The present invention can be applied to the liquid 
crystal display device 3808 of Fig. 15C stracturing a portion of the projector apparatus 3702, 
and to other driver circuits. 

Note that an example of the structure of the projector apparatuses 3601 and 3702 of 
Fig. 15A and Fig. 15B, respectively, is shown in Fig. 15C. The projector apparatuses 3601 
and 3702 are composed of a light source optical system 3801, mirrors 3802 and 3804 to 3806, 
a dichroic mirror 3803, a prism 3807, a liquid crystal display device 3808, a phase difference 
plate 3809, and a projecting optical system 3810. The projecting optical system 3810 is 
composed of an optical system prepared with projecting lenses. Although this structure is 
referred to as a three-plate type for using three of the display devices 3808, Embodiment 9 is 

31 



not limited thereto, for example, the structure may be a single-plate type. Further, optical 
systems such as optical lenses, films having a light polarizing function, films for regulating the 
phase, and IR films may be suitably placed in the optical path shown by the arrow in Fig. 15C 
by the operator. 

5 Fig. 15D is a diagram showing one example of a structure of the light source optical 

system 3801 in Fig. 15C. In Embodiment 9, the light source optical system 3801 is composed 
of a reflector 3811, a light source 3812, lens arrays 3813 and 3814, a polarizing transformation 
element 3815, and a condenser lens 3816. Note that the light source optical system shown in 
Fig. 15D is one example, and the light source optical system is not limited to the structure 
10 shown in the figure. For example, optical systems such as an optical lens, a film having a 
light polarizing function, a film for regulating the phase, and an IR film may be suitably added 
by the operator. 

Note that a case of using a transmitting electro-optical device is shown for the 
projector of Figs. 15A to 15D, and examples of applying the present invention to reflecting 
15 electro-optical devices and to light emi^g devic^ are not snow in the figures. 

Fig. 16 A is a portable telephone, and includes a main body 3901, an audio output 
portion 3902, an audio input portion .3903, a display portion 3904, operation switches 3905, 
and an antenna 3906. The present invention can be applied to the display portion 3904. ; 

Fig. 16B is a portable book (electronic book), and includes a main body 4001, display 
20 portions 4002 and 4003, a recording medium 4004, operation switches 4005, and an antenna 
4006. The present invention can be applied to the display portions 4002 and 4003. 

Fig. 16C is a display, and includes a main body 4101, a support stand 4102 T and a 
display portion 4103. The present invention can be applied to the display portion 4103. The 
display of the present invention is particularly effective for cases of large screen size, and is 
25 effective in displays having a diagonal size equal to or greater than 10 inches (in particular, 
equal to or greater than 30 inches). 

The applicable range of the present invention is thus extremely wide, and it is possible 
to apply the present invention to electronic devices of various fields. Further, the electronic 
devices of Embodiment 9 can be realized by using a structure in which any of Embodiments 1 
30 to 7 or Embodiment 8, are combined. 

The following fundamental significance can be achieved by employing the 
constitution of the present invention: 

a) A simple method applicable to conventional TFT manufacturing processes; 
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b) The time required for crystallization is shortened, and therefore it is possible to 
achieve cost reductions; 

c) the generation density of crystal nuclei is increased, and grain size can be made 
smaller; and 

5 d) crystalline semiconductor films having good crystallinity can be formed by 

satisfying the above advantages, and TFTs having superior electrical characteristics can be 
manufactured by using the crystalline semiconductor films. Further, it is possible to suppress 
display irregularities provided that the TFTs are used as display portions in all types of 
semiconductor devices. 
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